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KDV FODLPHG WKDW ZRUGV ZKLFK DUH IUHTXHQWO\ HQFRXQWHUHG WRJHWKHU IRUP
µFKXQNV¶ LQ ORQJWHUPPHPRU\ DQG +RH\  KDV VXJJHVWHG WKDW KLJK
IUHTXHQF\FROORFDWHVPXVWPHQWDOO\µSULPH¶HDFKRWKHU
9LHZLQJFROORFDWLRQLQWKLVZD\KDVLPSRUWDQWLPSOLFDWLRQVIRUVHFRQGODQ
JXDJH WHDFKLQJ7KH LGHD WKDW KLJK IUHTXHQF\PXOWLZRUG IRUPV KDYH VRPH
IRUPRI LQGHSHQGHQW UHSUHVHQWDWLRQ LQ WKHPLQGVRI FRPSHWHQW VSHDNHUVKDV
PRWLYDWHGPRGHOVRI LGLRPDWLFLW\DQGÀXHQF\3DZOH\	6\GHU¿UVW
DQGVHFRQGODQJXDJHDFTXLVLWLRQ:UD\(OOLV7RPDVHOOR




UHDOLW\ RI KLJK IUHTXHQF\ZRUG FRPELQDWLRQV2QHREMHFWLRQ LV WKDW WKH IUH
TXHQF\RIFRPELQDWLRQVFDQEHH[SODLQHGLQWHUPVRIUHDOZRUOGFRLQFLGHQFHV
UDWKHU WKDQ UHTXLULQJ DQ\ VSHFLDO UHSUHVHQWDWLRQ LQ WKHPLQG7KLV SRLQW KDV
EHHQSXWIRUFHIXOO\E\+HUEVWZKRREVHUYHVWKDWWKHIUHTXHQWFROORFD
WLRQVIRXQGLQFRUSRUDPD\VLPSO\UHÀHFWFHUWDLQH[WUDOLQJXLVWLFIDFWVDERXW
WKH ZRUOG'DUN QLJKW KH FRPPHQWV LV D VLJQL¿FDQW FROORFDWLRQ ³EHFDXVH
QLJKWVWHQGWREHGDUNDQGQRWEULJKW´+HUEVW6LPLODUO\%OH\9URPDQ
KDVDUJXHG WKDW UHFXUUHQWSDWWHUQVDUHPHUHO\DSURGXFWRI WKHXVHRI
ODQJXDJH WR H[SUHVVPHDQLQJ LQ FRQWH[W DQG GR QRW KDYH DQ\ VWURQJ GLUHFW















AUTHOR’S COPY | AUTORENEXEMPLAR 




























KLJK IUHTXHQF\ FROORFDWLRQV KDYH SV\FKRORJLFDO UHDOLW\ OLWWOH H[SHULPHQWDO
ZRUNKDVEHHQFDUULHGRXWLQWRWKHSV\FKROLQJXLVWLFFRUUHODWHVRIFRUSXVIUH




KDYH VHHQ D QXPEHU RI VWXGLHV ORRNLQJ DW IRUPXODLF ODQJXDJH GHULYHG IURP
FRUSRUDHJ6FKPLWWHWDO6FKPLWW	8QGHUZRRG8QGHUZRRG





*LYHQ WKLV ODFN +RH\¶V  PRGHO RI WKH UHODWLRQVKLS EHWZHHQ FRO
ORFDWLRQV LQ WH[W DQG FROORFDWLRQV LQ WKHPLQG WDNHV RQ FRQVLGHUDEOH LPSRU
WDQFH +RH\ GHVFULEHV FROORFDWLRQ DV ³D SV\FKRORJLFDO DVVRFLDWLRQ EHWZHHQ
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RIWHQWKDQLVH[SOLFDEOHLQWHUPVRIUDQGRPGLVWULEXWLRQ´SS±2Q
WKLVPRGHOSV\FKRORJLFDODVVRFLDWLRQ LVPHDVXUDEOH LQ WHUPVRI WKHSV\FKR
OLQJXLVWLFQRWLRQRI µSULPLQJ¶7KLV LV WKHSKHQRPHQRQ¿UVWGRFXPHQWHGE\
0H\HUDQG6FKYDQHYHOGWZKHUHE\UHFRJQLWLRQRIDZRUGLVIDFLOLWDWHG
E\LWVSUHFHGLQJFRQWH[WVXFKWKDWDKHDUHURUUHDGHUUHFRJQLVHVDJLYHQZRUG
IDVWHU LI WKH\KDYHSUHYLRXVO\VHHQRUKHDUGDZRUGZKLFK LV UHODWHG WR LW LQ
VRPHZD\ 7KXV WKH ZRUG JLUO LV UHFRJQLVHGPRUH TXLFNO\ ZKHQ LW FRPHV
VRRQDIWHUWKHZRUGER\WKDQLWGRHVZKHQLWIROORZVDVHPDQWLFDOO\XQUHODWHG




























HYLGHQFHRI WKH UHODWLRQVKLSEHWZHHQ FRUSXV IUHTXHQF\ DQGSULPLQJZLOO EH
UHYLHZHG:HZLOOVHHWKDWWKHUHLVDWSUHVHQWOLWWOHHYLGHQFHIRUVXFKDOLQN,W
ZLOOEHDUJXHGWKDWDNH\LVVXHKHUHFRQFHUQVWKHIDLOXUHRISUHYLRXVVWXGLHVWR
XQWDQJOH KLJK IUHTXHQF\ RI FRRFFXUUHQFH IURP WKH UHODWHG SKHQRPHQRQ RI
SV\FKRORJLFDODVVRFLDWLRQ6HFWLRQZLOOWKHQGHVFULEHDVHULHVRIH[SHULPHQWV
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ZKLFK WHVW GLUHFWO\ WKH OLQN EHWZHHQ FRRFFXUUHQFH LQ D FRUSXV DQGPHQWDO
SULPLQJ
 )UHTXHQF\EDVHGPHDVXUHVRIVWUHQJWKRIFROORFDWLRQ
7KH VLPSOHVW IUHTXHQF\EDVHG PHWKRG RI HVWDEOLVKLQJ ZKHWKHU D SDUWLFXODU
ZRUGFRPELQDWLRQLVDFROORFDWLRQLVWRFRXQWWKHQXPEHURIWLPHVWKHFRPELQD
WLRQRFFXUV7KHSUREOHPZLWKWKLVLVWKDWXVLQJWKLVGH¿QLWLRQPDQ\RIWKH













7KH PDLQ K\SRWKHVLV WHVWLQJ PHWKRGV RI TXDQWLI\LQJ FROORFDWLRQ DUH WKH
]VFRUH WVFRUH FKLVTXDUHG DQG ORJOLNHOLKRRG WHVWV 7KHVH WHVW WKH QXOO
K\SRWKHVLV WKDW ZRUGV DSSHDU WRJHWKHU QR PRUH IUHTXHQWO\ WKDQ ZH ZRXOG
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WRRFFXU WRJHWKHUVRPHWLPHV VLPSO\EHFDXVH WKHFRUSXV LV VR ODUJH ,Q IDFW
VWURQJWHDFDQEHSUHGLFWHGWRRFFXU
H WLPHV
6LQFHDFRUSXVVHDUFKVKRZV WKDW VWURQJ WHDDFWXDOO\RFFXUV WLPHVZH
FDQFRQFOXGH WKDW WKHSDLU FROORFDWHVPRUH IUHTXHQWO\ WKDQFKDQFH7KHDLP
RI WKHK\SRWKHVLV WHVWLQJPHWKRGV LV WRGHWHUPLQH WKHVWDWLVWLFDO VLJQL¿FDQFH
RIWKLVDSSDUHQWO\JUHDWHUWKDQFKDQFHIUHTXHQF\0DQQLQJDQG6FKW]H














ODQJXDJH LV IDUPRUH UHJXODU WKDQ D ³UDQGRPZRUG JHQHUDWRU´  
*UDPPDUVHPDQWLFVDQGUHDOZRUOGRFFXUUHQFHVDOOFRQVWUDLQWKHFRQVWUXFWLRQ
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
RIUHDOODQJXDJH,WLVWKHUHIRUHYHU\FRPPRQIRUZRUGSDLUVWRFRRFFXUµPRUH














0XWXDO LQIRUPDWLRQFDQEHFRQFHSWXDOLVHGDV D ³PHDVXUHRIKRZPXFKRQH
ZRUG WHOOV XV DERXW WKH RWKHU´ 0DQQLQJ DQG 6FKW]H   ,Q RWKHU
ZRUGVZKHQZHHQFRXQWHURQHSDUWRIDZRUGSDLUZKLFKKDVDKLJKPXWXDO
LQIRUPDWLRQVFRUHZHFDQSUHGLFWWKDWWKHRWKHUSDUWRIWKHSDLULVOLNHO\WREH
QHDUE\ 7KLV LV LPSRUWDQWO\ GLIIHUHQW IURP WKH K\SRWKHVLV WHVWLQJ PHWKRGV
&OHDU±VXPVXSWKHGLIIHUHQFHZHOOQRWLQJWKDWZKHUHDV³0,
LV DPHDVXUHRI WKH VWUHQJWKRIDVVRFLDWLRQEHWZHHQ WZRZRUGV´K\SRWKHVLV
WHVWLQJPHWKRGV DUHPHDVXUHV RI ³WKH FRQ¿GHQFH ZLWK ZKLFK ZH FDQ FODLP
WKHUHLVVRPHDVVRFLDWLRQ´RULJLQDOHPSKDVHV7KLVGLIIHUHQFHKDVLPSRUWDQW
LPSOLFDWLRQVIRUWKHW\SHVRIZRUGSDLUVUHWULHYHG&OHDUJLYHVWKHSDLUWDVWH







FRQ¿GHQW WKDW WKHUHODWLRQVKLSZLOOEHJHQHUDOLVDEOH WRRWKHUVDPSOHVRI ODQ
JXDJH$ W\SLFDO H[DPSOH RI D SDLUZLWK D KLJK VFRUH RQ K\SRWKHVLV WHVWLQJ
PHWKRGVRQWKHRWKHUKDQGLVWDVWHIRU:KLOHWKHDVVRFLDWLRQEHWZHHQWKHVH
ZRUGV LVPXFKZHDNHU WKDQ WKDWEHWZHHQ WDVWHDQGDUELWHUV WKHSDLURFFXUV
ZLWKPXFKKLJKHUIUHTXHQF\7KHFRQQHFWLRQWKRXJKZHDNHULVWKHUHIRUHPRUH
UHOLDEOH
,WKDVEHHQDFNQRZOHGJHG LQ WKH OLWHUDWXUH WKDWERWKRI WKHVHPHDVXUHVRI
FROORFDWLRQDUHµQRQGLUHFWLRQDO¶LQWKHVHQVHWKDWLWPDNHVQRGLIIHUHQFHZKLFK
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SXUHO\ VHPDQWLF LQIRUPDWLRQ FDQ LQÀXHQFHZRUG UHFRJQLWLRQ DQGPRGHOV LQ
ZKLFKWKHWZRW\SHVRILQIRUPDWLRQDUHVWULFWO\VHSDUDWHGVXFKWKDWVHPDQWLF













ZLGH UDQJHRI0,VFRUHV IURP WKHYHU\ ORZ PLQ  WR WKHPRGHUDWHO\
KLJKPD[ ZLWKDPHGLDQVFRUHZKLFKLVDERYHWKHWUDGLWLRQDOFXWRII



















SKUDVDO DVVRFLDWHVZLWK WKRVH IURP¿YH RWKHU W\SHV RI UHODWLRQV V\QRQ\PV
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ORFDWLRQV¶QRWEHLQJDWWHVWHGWRJHWKHUDWDOOPHDQWKDW LW LVDJDLQGLI¿FXOW WR
GUDZDQ\VWURQJFRQFOXVLRQVUHJDUGLQJWKHHIIHFWVRIIUHTXHQWFRRFFXUUHQFH
0RUHRYHUDOORI:LOOLDPV¶FROORFDWLRQVZHUHDWWHVWHGWREHVWURQJDVVRFLDWHV,W




ZHUHQRW FROORFDWLRQV PVKLQWLQJDW DQ LQGHSHQGHQW HIIHFWRI FROORFDWLRQ
RYHUDQGDERYHWKDWRIDVVRFLDWLRQDORQH+RZHYHUWKHGLIIHUHQFHEHWZHHQWKH
WZRVHWVWKRXJKODUJHZDVQRWVLJQL¿FDQW7KLVZDVEHFDXVHZKHUHDVWKHHLJKW
PRVW VWURQJO\ DVVRFLDWHG FROORFDWLRQVSURGXFHGYHU\ VWURQJSULPLQJ HIIHFWV
WKH RWKHU HLJKW DVVRFLDWHV VKRZHG PLQLPDO HIIHFWV :LOOLDPV VXJJHVWV WKDW
SULPLQJPD\EHREWDLQDEOHRQO\IRUWKRVHFROORFDWHVZLWK³WKHKLJKHVWSV\FKR
ORJLFDOVDOLHQFH´:LOOLDPV&RQFOXGLQJWKDWFROORFDWHVZKLFKDUH
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IRXQGLQ6KHOWRQDQG0DUWLQ¶VVWXG\0,PLQ íPD[ 0GQ 
WVFRUHPLQ íPD[ 0GQ 0RUHRYHU DV LQ:LOOLDPV¶
VWXG\PDQ\ZRUGSDLUVXVHGLQ0F.RRQDQG5DWFOLII¶VFROORFDWLQJFRQGLWLRQ











PHQW SHUIRUPHGZLWK QRQQDWLYH VSHDNHUV VKRZHG QR SULPLQJ HIIHFWV 7KLV
VWXG\SURYLGHVDQLQWHUHVWLQJH[WHQVLRQWRSUHYLRXVUHVXOWVE\VWXG\LQJORQJHU
FROORFDWLRQV DQG E\ VHSDUDWLQJ RXW WKH LQÀXHQFHV RI IUHTXHQF\ DQGPXWXDO
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 0RGHUDWH FROORFDWLRQVPRGHUDWHO\ IUHTXHQW FROORFDWLRQVZKLFK DUH QRW
VWURQJDVVRFLDWHV
 )UHTXHQW FROORFDWLRQV YHU\ IUHTXHQW FROORFDWLRQVZKLFK DUH QRW VWURQJ
DVVRFLDWHV
 $VVRFLDWHG IUHTXHQW FROORFDWLRQV YHU\ IUHTXHQW FROORFDWLRQV ZKLFK DUH
VWURQJDVVRFLDWHV
$V GLVFXVVHG DERYH WKH ORZIUHTXHQF\ FRPELQDWLRQVZHUH LQFOXGHG DV D
FRQWUROFRQGLWLRQWRFKHFNZKHWKHUDQ\SULPLQJH[KLELWHGIRUFROORFDWLRQVZDV
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 3'XUUDQWDQG$'RKHUW\
DOVRWUXHRIFRQJUXRXVZRUGFRPELQDWLRQVLQJHQHUDO0RGHUDWHDQGIUHTXHQW


























SDUW LQ WKHSUHVHQW VWXG\ ($7ZDVHOLFLWHG IURP%ULWLVKXQLYHUVLW\ VWXGHQWV
EHWZHHQDQGZRUGSDLUVZKLFKDUHQRWDWWHVWHGDVDVVRFLDWHVLQWKH
($7PD\QHYHUWKHOHVVEHVWURQJO\DVVRFLDWHGIRURXUSDUWLFLSDQWV%ULWLVKXQL
YHUVLW\VWXGHQWV LQ6LPLODUO\ VRPHSDLUVZKLFKDUHSURPLQHQWRQ WKH
($7PD\QRWEHVWURQJDVVRFLDWHVIRUWKHVHSDUWLFLSDQWV7RWDNHVRPHVLPSOH
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ZDUH DQG LWHPVZHUHGLVSOD\HGRQD&57PRQLWRU2QHDFK WULDO D¿[DWLRQ
SRLQW ³´ZDVSUHVHQWHGFHQWUHGRQ WKHVFUHHQ IRUPV7KLVZDVUH










































7 S QVU ±௘
7 S QVU ±௘
7 SU ±௘
7 SU ±௘
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 3'XUUDQWDQG$'RKHUW\
1R VWDWLVWLFDOO\ VLJQL¿FDQW GLIIHUHQFHZDV IRXQG EHWZHHQ FROORFDWLRQ DQG







FROORFDWLRQ FRQGLWLRQV 0GQ0, 0GQ WVFRUH 0RUHPRGHVW




SUHVHQW UHVXOWV VXJJHVW WKDWPXFK KLJKHU WKUHVKROGV DUH UHTXLUHG WR LGHQWLI\
FROORFDWLRQV ZKLFK DUH OLNHO\ WR GHPRQVWUDWH SULPLQJ 6HFRQG SULPLQJ EH
WZHHQ KLJK IUHTXHQF\ FROORFDWLRQV KDV EHHQ VKRZQ WR H[LVW UHJDUGOHVV RI
ZKHWKHUWKHSDLULVOLNHO\WREHDVWURQJSV\FKRORJLFDODVVRFLDWH)UHTXHQWFRO
ORFDWLRQV DQG DVVRFLDWHG IUHTXHQW FROORFDWLRQV GHPRQVWUDWHG DSSUR[LPDWHO\
HTXDOOHYHOVRISULPLQJLQWHUPVRIWKHLUHIIHFWVL]HV/HYHOU í௘/HYHO




$ OLPLWDWLRQ RI WKH¿UVW H[SHULPHQW LV WKDW LW GLG QRW SUHFOXGH WKH LQWHUYHQ
WLRQRIµVWUDWHJLF¶SURFHVVHVRQWKHSDUWRIVXEMHFWV7KDWLVWRVD\LWLVSRVVLEOH




ODVWLQJRUJDQLVDWLRQRI WKHOH[LFRQEXWUDWKHUDUH WKHDGKRFSURGXFWVRI WKH
H[SHULPHQWDO WDVNFRQWUROOHGE\KLJKHURUGHUPHQWDOIDFXOWLHV/XFDV

7ZRPDLQPHWKRGV KDYH EHHQ XVHG WR HOLFLW DXWRPDWLF SULPLQJ7KH¿UVW
SUHVHQWVLWHPVRQHE\RQHDQGUHTXLUHVSDUWLFLSDQWVWRPDNHDZRUG/QRQZRUG
GHFLVLRQ IRU HDFK VR UHPRYLQJ WKH RYHUW SDLULQJ EHWZHHQSULPH DQG WDUJHW
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SDUWLFLSDQW  RI WKH WRWDO ZHUH UHSODFHG ZLWK WKH SDUWLFLSDQW¶V PHDQ





$V LQ([SHULPHQW  VLJQL¿FDQW IDFLOLWDWLRQZDV IRXQG IRU DVVRFLDWHG IUH
TXHQWFROORFDWLRQVKRZHYHUQRIDFLOLWDWLRQZDVREVHUYHGLQDQ\RWKHUFRQGL
WLRQ7KH ODFN RI IDFLOLWDWLRQ LQ WKH ORZ DQGPRGHUDWH IUHTXHQF\ FRQGLWLRQV
UHSOLFDWHV WKH ¿QGLQJV RI ([SHULPHQW  +RZHYHU WKH IDLOXUH WR ¿QG DQ\
SULPLQJ EHWZHHQ IUHTXHQW FROORFDWLRQV LVPRUH VXUSULVLQJ DQG IRUFHV XV WR
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 3'XUUDQWDQG$'RKHUW\
UHYLVHVRPHZKDWRXUFRQFOXVLRQWKDWSULPLQJLVLQGHSHQGHQWRISV\FKRORJLFDO









WR([SHULPHQW  DOVR VRPH VXJJHVWLRQ RI IDFLOLWDWLRQ DW RWKHU OHYHOV ,Q DOO
FROORFDWLRQW\SHVPHGLDQUHVSRQVHVZHUHORZHULQWKHFROORFDWLQJFRQGLWLRQ
ZLWKHIIHFWVL]HVZKLFKDUHURXJKO\FRPSDUDEOHDFURVVOHYHOV0RUHRYHUWKH
ORZ IUHTXHQF\ DQG IUHTXHQW FROORFDWLRQ FRQGLWLRQV ERWK DSSURDFKHG VLJQL¿
FDQFHLQWKH:LOFR[RQVLJQHGUDQNVWHVWZLWKSYDOXHVRIDQGUH






























7 S QVU ±௘
7 S QVU ±௘
7 S QVU ±௘
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$UHKLJKIUHTXHQF\FROORFDWLRQVSV\FKRORJLFDOO\UHDO" 
7KHUHVXOWVSUHVHQWHGKHUHDSSHDUWRLQGLFDWHWKDWIUHTXHQF\RIRFFXUUHQFH
GRHV LQGLFDWH SV\FKRORJLFDO UHDOLW\ FRQ¿UPLQJ WKH¿QGLQJV RI(OOLV DQG KLV
FROOHDJXHV(OOLVHWDODQGVXJJHVWLQJWKDWIUHTXHQF\EDVHGPHWK
RGVDUHDYDOLGPHWKRGIRULGHQWLI\LQJFROORFDWLRQVZKLFKDUHOLNHO\WREHJRRG



















WLRQV IRU QDWLYH VSHDNHUV DQ LPSRUWDQW FDYHDWPXVW EHPDGH UHJDUGLQJ WKH
H[DFWSV\FKROLQJXLVWLFQDWXUHRIWKHVHFROORFDWLRQV2XU¿QGLQJWKDWERWKDV
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WKDWRWKHUSDUDGLJPVZLOOJLYHXV IXUWKHU LQVLJKWV LQWR WKH OLQNEHWZHHQ IUH
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EHWZHHQ V\QWDFWLF DQG VHPDQWLFSURFHVVLQJGXULQJ LGLRPFRPSUHKHQVLRQ-RXUQDORI([SHUL
PHQWDO3V\FKRORJ\/HDUQLQJ0HPRU\DQG&RJQLWLRQ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